To study the outcome of pregnancies with a prenatally diagnosed central nervous system (CNS) malformation.
Introduction
Congenital central nervous system (CNS) malformations are relatively common and account for a substantial proportion of miscarriages, stillbirths and infant deaths. 1, 2 Moreover, these malformations are an important cause of long-term morbidity in children. Prenatal detection of CNS malformations has substantially improved in the last decade. After diagnosing a CNS anomaly prenatally, sonographers and obstetricians have to counsel the parents, who, after receiving the bad news, are confronted with difficult decisions, which may involve the option of terminating the pregnancy. [3] [4] [5] [6] [7] In order to give clinicians some guidance during counselling, we aimed to review the number and type of CNS anomalies that were detected prenatally in our center and to describe the outcome of these pregnancies. We also wanted to know which factors influenced the decisions made by the parents (for example, gestational age at the time of diagnosis, type of CNS malformation and whether or not additional anomalies were found). Furthermore, we wanted to evaluate the accuracy of ultrasound examination in our center. Finally, we were interested in the long-term outcome of survivors, because such information may be particularly helpful in counselling future parents.
Methods
In The Netherlands, fetal anomaly scans are not part of routine prenatal care. Detailed ultrasonography is only performed when there is an increased risk of fetal anomaly based on family history, maternal illness or medication, or complications during pregnancy. Leiden University Medical Center is a tertiary referral hospital for prenatal anomaly scanning. All prenatal ultrasound examinations in this hospital are performed by experienced sonographers and reported in a database. We reviewed this database for all pregnancies with CNS malformations detected between 1 January 1993 and 31 December 1998. We excluded 19 cases with choroid plexus cysts, because these cysts either disappeared spontaneously before birth (n = 15) or the fetus died due to other causes (n = 4). The remaining malformations were classified into seven groups: (1) spina bifida, (2) anencephaly, (3) encephalocele, (4) hydrocephaly, (5) holoprosencephaly, (6) Dandy-Walker malformation and (7) other CNS anomalies.
Malformations were also classified as: (a) isolated, (b) associated with a chromosomal disorder or (c) associated with other anomalies but with a normal karyotype. Isolated malformations included cases with abnormalities developing in sequence from the primary malformation. For example, spina bifida with hydrocephaly and pes equinovarus or holoprosencephaly with facial abnormalities were classified as isolated malformations. We reviewed clinical records of both mother and child for information on pregnancy, delivery and neonatal period. If extra information was required, we contacted the referring gynecologist in order to complete our data. A clinical geneticist routinely examined all infants as well as fetuses after termination of pregnancy (TOP) or intrauterine death after 16 weeks. Current clinical information at the time of completion of this study was obtained by contacting the pediatric neurologists involved in the care of the surviving children. We based our estimation of mental and motor development on medical information and for some of the older children on their school performance. Because of the large variation in age between the children and the frequency of serious abnormalities, we could not perform a standardized test.
Results
In the 6-year study period, 4,470 pregnancies were screened for congenital anomalies in our center. Mean maternal age in the study group was 30 years. Indication for ultrasound was, first, an increased risk of fetal anomaly already known before the beginning of the pregnancy (Group 1: for example, a congenital anomaly in a previous child) or, second, an increased fetal risk because of pregnancy complications (Group 2: for example, polyhydramnios in the current pregnancy). The mean gestational age in Group 1 (n = 2,731) was 20 weeks, and in Group 2 (n = 1,739) 28 weeks. In 580 cases (116 in Group 1 and 464 in Group 2) a fetal anomaly was diagnosed. A CNS malformation was diagnosed in 2.8% of pregnancies (124/4,470), but we only had information on pregnancy and delivery for 118 cases. Ten of these 118 were multiple pregnancies (two triplets and eight twins) but in each of these pregnancies only one fetus had a congenital CNS malformation. The mean age of the 118 women at the time of delivery was 30 years (range, 18-43 years). Karyotyping was performed prenatally in 70 cases and postnatally in eight cases. In 40 cases the parents chose not to undergo karyotyping. A total of 46% of fetuses (54/118) were male and 49% were female (58/118). In six unkaryotyped cases, four with anencephaly, one with holoprosencephaly and one with encephalocele, the sex remained undetermined after TOP (five cases between 12 and 17 weeks) or fetal death (one case at 12 weeks). The mean gestational age at the time of diagnosis was 28 weeks (range, 12-42 weeks). A total of 43% of CNS malformations (51/118) were diagnosed before 24 weeks and 57% (67/118) after 24 weeks' gestation. When the CNS malformation was diagnosed before 24 weeks, only 24% of mothers (12/51) chose to continue the pregnancy, whereas 78% of mothers (52/67) continued their pregnancy when the malformation was diagnosed after 24 weeks. *All fetuses with isolated spina bifida had associated anomalies (e.g. hydrocephaly, hindbrain herniation, pes equinovarus) or ultrasonographic markers ('lemon' or 'banana' sign). 20 †Three fetuses with anencephaly also had spina bifida. CNS, central nervous system. encephalocele) were the most common finding (51%), followed by hydrocephaly without spina bifida (26%). Holoprosencephaly (8%) and Dandy-Walker malformation (7%) were less common. Other malformations (the remaining 8%) were microcephaly (one diagnosed as Pena Shokeir syndrome) (n = 4), enlarged cisterna magna (n = 3), enlarged third ventricle in association with Pena Shokeir syndrome (n = 1) and isolated agenesis of the corpus callosum (n = 1). In 53% of fetuses (63/118), the CNS malformation appeared to be isolated. In the remaining 47% of fetuses (55/118) there were additional abnormalities: 17 chromosomal abnormalities (five trisomy 18, three trisomy 13, three translocations, two deletions, two triploidy, one tetrasomy and one Turner syndrome), six prenatally undetected CNS malformations and 32 other anatomical anomalies (e.g. anomalies of the heart, kidney, diaphragmatic hernia and syndromes such as Pena Shokeir syndrome, Goldenhar syndrome and Meckel-Grüber syndrome).
None of the fetuses with a CNS malformation in combination with a chromosomal disorder survived longer than 3 months after birth. In the majority of cases (37/55) additional anomalies were so serious that they determined the outcome of pregnancy. Only 20% of fetuses (11/55) with a CNS malformation in combination with additional anomalies and only 30% of fetuses (18/63) with an isolated CNS malformation survived beyond 3 months after birth. TOP, termination of pregnancy.
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C H A P T E R 4 Table 2 lists the outcome of the 118 pregnancies according to the type of CNS malformation. TOP was performed in 46% of pregnancies (54/118). In 13% of pregnancies (15/118) TOP was performed after 24 weeks, because it was decided that the fetus had an abnormality that was not compatible with life or would cause severe handicap with inhumane suffering. All these fetuses, except those with anencephaly and one fetus with rachischisis totalis, had serious additional (non-CNS) anomalies. Spontaneous intrauterine death occurred in 15% of pregnancies (18/118). Eventually, 46 pregnancies resulted in live births and 25% of the infants were still alive at the age of 3 months (45% of all pregnancies without TOP). Of the 17 infants who died in the first 3 months after birth, 14 died in spite of therapeutic interventions. In three cases (diagnosed with spina bifida, hydrocephaly and Pena Shokeir syndrome, respectively) the parents declined therapeutic interventions. Table 3 , diagnosis after birth differed from prenatal ultrasound diagnosis. In nine cases the abnormalities turned out to be more extensive than prenatally suspected, whereas in three cases they turned out to be less extensive. In all cases the medical intervention (if any) remained justified. Difficulties in the prenatal diagnosis of CNS malformations occurred predominantly with spina bifida, with posterior fossa anomalies and with corpus callosum agenesis. Table 4 lists the 29 infants surviving more than 3 months, classified according to diagnosis after birth. One child was lost to follow-up after 3 months. The duration of follow-up of the remaining 28 children varied from 6 months to 7 years. Two children with encephalocele and hydrocephaly, respectively, died at the age of 3 years, and one child with hydrocephaly died at the age of 4 months. Of the remaining 25 children, five had normal psychomotor development, seven were slightly disabled, five were moderately disabled, and eight were severely disabled. Normal development was seen in one child with sacral spina bifida, two with hydrocephaly, one with prenatally suspected corpus callosum agenesis and one with prenatally suspected posterior fossa anomaly. The two latter anomalies were, however, not confirmed after birth.
Discussion
We have described a cohort of fetuses diagnosed with CNS abnormalities at our center. More than half of the prenatal diagnoses were made after 24 weeks' gestation. This is a consequence of the fact that prenatal ultrasound screening for abnormalities is not routinely performed in The Netherlands. In 90% of cases prenatal ultrasound examination provided a complete and correct diagnosis. In 8% of cases additional, prenatally undetected, abnormalities were found after birth, and in 2% the abnormalities were found to be less extensive than prenatally suspected. In 51% of cases closure defects of the neural tube were found, and 26% of cases were diagnosed as hydrocephaly without spina bifida. CNS abnormalities are very frequently associated with secondary anomalies; in our study all spina bifida cases had hindbrain herniation, hydrocephaly, or pes equinovarus and many cases of holoprosencephaly had facial abnormalities. Moreover, 45% of fetuses with CNS abnormalities in our study were found to have additional anomalies, or an abnormal karyotype. After the diagnosis was made, 46% of pregnancies were terminated and another 29% resulted in fetal or neonatal death. None of the fetuses with an abnormal karyotype, anencephaly or holoprosencephaly survived. More than 50% of the surviving children remained moderately or severely disabled, and only 4% of the initial cohort had normal psychomotor development. The major reasons for the low survival rate of fetuses with CNS anomalies in our study are the high rate of TOP as well as the frequent coexistence of additional anomalies. Previous studies have also found a high rate of additional (CNS or other) anomalies. Aletebi and Fung described 15 fetuses with posterior fossa anomalies, seven of which were found to have additional anomalies. 8 Ecker et al. found that 86% of fetuses with posterior fossa anomalies had additional malformations. 9 Den Hollander et al. found that 50% of fetuses with ventriculomegaly had additional anomalies. 10 Kölble et al. described ten fetuses ) with prenatally diagnosed Dandy-Walker malformation. 11 Postnatally, Dandy-Walker malformation was confirmed in all cases, but additional malformations, not diagnosed prenatally, were found in seven cases.
The Netherlands is one of two countries in the European Union where neither routine ultrasound screening for fetal anomalies nor maternal serum screening are implemented. A recent report from the Dutch Health Council again advised against prenatal ultrasound screening. 12 This restrictive policy clearly explains why so many CNS anomalies in our study were detected after 24 weeks. In the Netherlands, TOP is prohibited after 24 weeks' gestation, unless detected anomalies are considered to be incompatible with postnatal life or would cause severe handicap with inhumane suffering. The advanced gestational age at the time of detection probably explains why, compared to other European countries, a smaller percentage of pregnancies with CNS anomalies were terminated. 9, [13] [14] [15] Forrester and Merz studied the various factors influencing the decision to perform TOP and found that 65% of pregnancies with prenatally diagnosed neural tube defects were terminated. 13 Hassed et al. reported on 25 families faced with a CNS anomaly that was considered lethal. 14 Only two of the families elected to continue the pregnancy. Ecker et al. described 99 pregnancies with prenatally diagnosed posterior fossa anomalies. 9 A total of 50% of these pregnancies were terminated. Cornel et al. also found that the percentage of TOP in prenatally diagnosed neural tube defects in The Netherlands was relatively low compared to other European countries. 15 Based on these studies, it seems likely that individual parents would benefit from the introduction of routine second-trimester fetal ultrasound in The Netherlands. Most of the discrepancies between prenatal and postnatal diagnosis in our study concerned non-CNS anomalies that were not detected with prenatal ultrasound. However, in two cases with multiple anomalies, closure defects of the neural tube were missed, and in two cases with hydrocephaly, prenatally suspected spina bifida was not confirmed after birth. Other false-positive diagnoses concerned posterior fossa anomalies and agenesis of the corpus callosum. Isaksen et al. reported reliability rates similar to those found in our study. 16 They compared prenatal ultrasound and postmortem findings in 124 fetuses and infants with CNS anomalies and found complete concordance in 89% of cases. Den Hollander et al. described 42 cases with prenatally diagnosed fetal ventriculomegaly and found complete concordance in 28 cases, more extensive anomalies in ten, and less extensive anomalies in four cases. 10 Of course, the prognosis for surviving children depends on their specific anomaly. In our study the children most likely to survive were those with spina bifida and hydrocephaly. Out of nine survivors with spina bifida, five had normal mental development and four could walk independently. Their development depended mainly on the level of the lesion. Out of 13 survivors with hydrocephaly, five had normal mental development, and seven could walk independently.
Overall, the children with isolated hydrocephaly were less disabled than those with additional anomalies. Mulder et al. described the outcome of 67 fetuses with a CNS anomaly. 17 Only 1/25 fetuses with spina bifida survived, and this child was severely retarded at the age of 2 years. Out of three survivors with hydrocephaly, one child was moderately retarded and two developed normally. Den Hollander et al. found normal psychomotor development in 12/26 surviving children with prenatally diagnosed ventriculomegaly. 10 Lipitz et al. found normal neurological outcome for 25/26 fetuses with isolated, borderline unilateral ventriculomegaly. 18 Twining et al. studied 38 cases of fetal ventriculomegaly. 19 They found that fetuses with isolated ventriculomegaly had an 80% chance of survival and a 50% chance of normal development. Aletebi and Fung found some degree of cognitive, neurosensory or psychomotor delay at follow-up in 4/5 survivors with prenatally diagnosed posterior fossa abnormalities. 18 In general, our findings concur with those of previous studies.
Conclusion
We conclude that prenatal diagnosis of CNS malformations is fairly reliable and that the prognosis of affected fetuses is generally poor. Due to the high rate of TOP and to the frequent association with other anomalies, the survival rate was only 25% in our study. More than 50% of surviving children were moderately or severely disabled.
